Electricity market reform has been implemented in many countries and regions in the world. There is no doubt that electricity consumption continues to increase in East Asia. Electricity market integration in East Asia is thus an important component of the Energy Market Integration (EMI) initiatives supported by the East Asian Summit (EAS) group. It is argued that an integrated East Asian electricity market would allow consumers to have access to competing suppliers within or beyond the borders and enable electricity providers in member economies to better deal with peak demand and supply security. The objectives of this study are twofold, namely, a) to present a review of the trends in regional electricity market integration and b) to draw implications for electricity market development in the EAS area. Specifically, this project will review the trends of integration in the world's major electricity markets and analyze the experience and lessons in those markets. It will provide an examination of the electricity sectors in East Asia in terms of market development and connectivity. It will provide policy recommendations for the promotion of electricity market integration.
Introduction
In the coming decades world demand for electricity is projected to have an average annual rate of growth of 2.3% which exceeds the growth rate (1.6%) of total energy use globally (EIA 2011a). Thus the electricity sector plays an important role in promoting Energy Market Integration (EMI) in the East Asian Summit (EAS) region. This report aims to present a brief review of the world's major electricity markets and global trends towards market integration. The findings are employed to draw implications for electricity market integration in the EAS area. The rest of the report begins with an overview of electricity demand in the world in Section 2. This is followed by discussions about the trends of electricity sector reforms and hence market integration initiatives in Section 3. Subsequently electricity markets in the EAS region are examined in Section 4. Policy recommendations are presented in Section 5 with the final section presenting concluding remarks (Section 6).
Global Electricity Demand
Electricity consumption in the world has maintained a steady growth trend in recent decades ( Figure 1 ). Total consumption almost doubled between 1990 and 2011. During the same period, the Asia Pacific region has overtaken Europe and North America to become the largest electricity consumer ( Figure 2) . In 2010 the United States was still the largest single consumer with a share of 20.3% over the world total while China was just behind the US with a share of 19.7%. By 2011 China overtook the US to become the world's largest electricity user as well as producer with a share of 21.3% while the US share continuously declined to 19.6%. Japan is the third largest consumer with a share of about 5% followed by Russia (4 th ) and India (5 th ).
Figure 1: World Electricity Consumption, 1990-2011
Notes: The unit is terawatt hours (tWh). The raw data are drawn from BP (2012). At the sector level, the industrial sector is still the largest electricity consumer in the world with a share of 40. 2% in 2009 2% in (IEA 2011 . This figure, however, varies considerably across the countries ranging from 26% in the US to 39% in India and 74%
in China (Table 1) . The general trend is that electricity consumption shares have declined in major developed economies due to the delocalization of manufacturing activities, the growth of commercial and public service sectorsand increasing ownership of appliances and electronic equipment in households. For example, among IEA member economies, the share of industrial electricity consumption declined from 49% in 1974 to 33% in 2007, with the US having the smallest industrial share among the members (IEA 2009a) . Residential consumption sharesvary from39% in the US to24%in India and 12% in China (Table 1) . Agriculture and transportationare included in the "others" category in Table 1 . These two sectors generally account for small shares in electricity consumption in major economies. There are however exceptions.
For example, agricultural consumption of electricity reported in Table 1 has a share of 19% in India (CSO 2012). Electricity generation is still dominated by coal (40%) followed in turn by natural gas, renewables, nuclear and liquids ( Figure 3 ). This pattern will probably remain for a long time. According to EIA (2011a), by 2030, the share of coal in electricity generation will decline slightly (36%) and the winners will be renewables (24%) and natural gas (24%) with nuclear power remaining the same (14%) and the share of liquids shrinking to about 2%.
Figure 3: Sources of Electricity Generation in the World, 2008
Source: EIA (2011a).
Trends in Market Integration
It has been argued that an integrated electricity market can improve efficiency in electricity supply, reduce costs of production and hence electricity prices, and raise standards of services due to increased competition. As global concerns for climate change increase, regional power integration could be an effective way to reduce carbon emissions (Zhai, 2010) . Following these arguments, various policy measures have been implemented in order to promote national and regional electricity market integration. (Kwoka, 2006) .
Chile was the world's first countryintroducing reforms in the electricity sector in 1982 (Nagayama, 2011 The process of privatization of state-owned utilities began in 1986 and was completed in 1998. Together with privatization was the establishment of a spot marketfor electricity and a contract market in which generators and large industrial users could trade freely. The electricity market in Chile is now characterized with free competition in generation and distribution while transmission is still regulated. Reforms have led to growth in Chile's electricity sector for about two decades. But major blackouts and some other problems did occur. Therefore, Chile's electricity sector is still facing some challenges and possibly further reforms. For example, Pollitt (2005) pointed out the need to improve the transparency of the regulation and oversight of the industry and the inflexibility in regulations governing the power sector due to overly detailed specifications.
The UK was one of the first European countries to embark upon reforms of the electricity sectors. In 1989 the Electricity Act was enacted to introduce competition in power generationand electricity wholesale in the UK. By the implementation of the Electricity Act 2000, a highly competitive electricity market was to emerge. In March 2001 NETA (the new electricity trading arrangements) was introduced for wholesale trading. There were about 40 power producers competing in the markets compared to seven in 1990 (EA, 2002) . The three regions in the UK used to be covered by three markets which were separated up until 2005 (Pond, 2006) . In April 2005 NETA was replaced by BETTA (British electricity transmission and trading arrangements) to accommodate the interconnection with the power grid of Scotland (Giulietti, et al. 2010) .
Deregulation progress in the UK electricity market is now well ahead of the rest of Europe. Since deregulation the market has performed well. The generation sector has maintained an adequate margin of spare capacity and electricity prices have been comparatively low and fairly responsive to the movements in fuel prices (DECC, 2010) . Sweeting (2007) changes varied across the states. An important factor that influences tariff levels in the US is the mix of energy sources used in power generation. For example, access to cheap federal power from hydropower plants contributes to low electricity tariffs in some states. In the aftermath of the California blackout, the pace of reform has slowed.
Regional electricity market integration has been promoted by nations in the world, including countries in the EAS area. The actual progress in interconnection varies across the continents. The major initiatives so far share some commonalities. First, interconnections mainly occur among neighboring countries which have well-developed national markets. Second, sub-regional markets are outgrowth of bilateral electricity exchanges. Finally, market integration is accompanied with domestic reforms and international harmonization of regulationsstandards. These observations have important implications for the development of integrated electricity market in the EAS region.
Electricity Markets in the EAS Region
The EAS economies as a group amounted to about 19% of the world's total electricity consumption in 1990 (Table 2) . This share almost doubled by 2010 (36%) and will maintain a modest growth in the coming decades according to predictions (ADB, 2009 (Figure 4 ). Each of them is discussed in the following text. was established to become the industry regulator. Since then competition has been introduced into generation and wholesale and retailing to large electricity users though transmission is regulated. Further reform is to deregulate the retail market of small users. According to Tan (2008) , deregulation has provided power companies the incentives to reduce costs by using cheap fuels, adopting cost competitive technologies and hedging against volatility in fuel prices. Tan also observed that the rise in electricity tariffs has been significantly smaller than oil price increases since deregulation. However Chang (2007) argued that the deregulated electricity sector in Singapore is only marginally competitive. Five years later, the Electricity Industry Reform Act 1998 was enacted to introduce competition in generation and retailing. Under this Act, joint ownership of the electricity distribution businesses and energy businesses (generation and retailing) is prohibited. The Act also guided the split of ECNZ into three state owned generators in 1998. Due to public complaints about high wholesale and retail electricity prices, a review of the electricity sector was conducted in 2009. This review and its recommendations led to the enactment of Electricity Industry Reform Act 2010. One of the major changes was to allow joint ownership of generation and retailing businesses (or gentailors). Currently, the New Zealand electricity market has five large gentailors (Shen & Yang 2012) .
IPPs were first introduced into China's electricity sector in 1985. By the end of the 1990s over a half of the electricity supply was generated by non-state owned units (Du, et al. 2009 ). Genuine competition in generation was limited until the corporatization of state generation and transmission assets in 2002 and the formation of the regulatory body, the State Electricity Regulatory Commission (SERC) in the same year (Gao& Van Biesebroeck, 2011). Further reforms were implemented to split the former State Power Company (SPC) into two transmission companies and five generation corporations. There is now some competition in generation and free bidding for transmission access has been pilot-tested (Shi, 2012) . However distribution and retailing are still regulated. The process of reforms has been slowed down, especially since the power crises in the US. Further moves are still being debated.
India's electricity sector has traditionally been segmented across the states and hence controlled by the State Electricity Boards (SEBs). The government-owned Power Grid Corporation of India Limited (PGCIL) is now working to integrate the regional grids into a national one (Kumar, 2010) . Reforms of the vertically integrated SEBs For decades Japan's electricity sector has been monopolized by ten regional electric power companies responsible for regional generation, transmission, distribution and retailing and for coordinating national interconnection (FEPCJ, 2011) . The government amended the Electricity Utilities Industry Law (EUIL) in 1995. Subsequently the IPPs entered the market. In 1999 the EUIL was amended again to allow for partial In 1992 the Thai government for the first time legalized the participation of the independent power producers (IPPs) in the electricity sector. Since then several attempts under various governments have been made to deregulate the electricity sector. They were all unsuccessful (Nikomborirak & Manachotphong, 2007) . Recent reform initiatives include the release of the Energy Industry Act in December 2007 and subsequently the establishment of the energy regulatory commission (ERC). There are, however, some major difficulties in introducing competition into the electricity sector (Wisuttisak, 2012) . The electricity sector in Thailand is still dominated by the stateowned Electricity Generating Authority of Thailand (EGAT). By 2011 EGAT had a market share of 47% followed by the IPPs (39%), small power producers (SPPs) (7%) and imports (7%). Under the government regulations, EGAT as the largest generator also has the sole right to purchase power from other private producers including neighbouring countries. The EGAT is also the only firm permitted to supply electricity to the distributors and retailers. Thus, there is no competition in the wholesale electricity market in Thailand. For the distribution and retail sectors, the markets are also under the monopoly of Provincial Electricity Authority of Thailand (PEA) and
Metropolitan Electricity Authority of Thailand (MEA).
The Indonesian power sector is dominated by the state-owned Perusahaan Listrik Negara (PLN). In 1992 the first IPP was approved after the passing of the 1985 Electricity Law in Indonesia. But reforms in the electricity sector have been interrupted by the 1997 Asian financial crisis and subsequently, political instability. By 2009 the IPPs had a market share of about one-sixth (Purra, 2010) . Over time the Electricity Law has been revised several times (1999 and 2002) . More recently the passing of the 2009 Electricity Law offers some degree of freedom to local governments in dealing with IPPs and setting tariff rates. In terms of regulatory reforms, Purra (2010) Malaysian electricity sector used to be controlled by a vertically integrated system.
Reform in this sector has been implemented since the passing of the Electricity Supply
Act 1990 and corporatization of the national electricity board in the same year (Fong 2007) . IPPs entered the generation businesses in 1993. However deregulation has been interrupted due to power crisis in the 1990s. There is still monopoly in power purchase, transmission and distribution in the Malaysian electricity sector (See, 2011) . Several EAS members with relatively low income, namely Cambodia, Lao PDR and Myanmar, are still in the process of expanding electrification in their economies. In general, the rate of electrification is still low in those economies but is growing. For example, it expanded from 16% in 1995 to about 63% in 2009 in Lao PDR (Bambawale, et al. 2011) . According to the World Bank (2012) , the rate of electrification in 2009 was only 13% in Myanmar and 24% in Cambodia. The immediate task for governments in these countries is to expand electricity access and hence eventually develop a national grid. The private sector is already participating in these fledgling electricity markets. Poch & Tuy (2012) reported that about 91% of electricity supply in Phnom Penh, Cambodia, was generated by IPPs in 2010. Cambodia, Laos and Myanmar are also engaged in cross-border trade in electricity with neighboring countries.
Towards an Integrated Electricity Market in the EAS Area
In order to promote an integrated electricity market within the EAS area, the first step is to achieve cross-border interconnectivity. Over the years, two initiatives have emerged. That is, the development of the ASEAN Power Grid (APG) and Greater Mekong Sub-regional (GMS) connectivity. APG was proposed as part of the plan to establish an ASEAN Economic Community (AEC) by 2015. Through the coordination of the heads of ASEAN power utilities or authorities (HAPUA), some cross-border connectivity has been achieved since the implementation of AIM I (ASEAN interconnection master plan study 2003). Under AIM II (ASEAN interconnection master plan study 2010), nineprojects are expected to be completed by 2015 and six more after 2015 (Table 3) . Source: Hermawanto (2011). In 2002 countries in the greater Mekong sub-region (GMS) also signed an intergovernmental agreement on regional power trade (IGA). In the following year (2003) a regional power trade coordination committee (RPTCC) was formed. One of the tasks of RPTCC is to investigate options for a future GMS power market. By 2012 a formal market is yet to emerge.Some analysts have called for the development of a new GMS strategy (2012-2022) (Baardesen, 2012 (Poch & Tuy, 2012) . These two sources combined account for about 60% of total electricity consumption in Cambodia.
In general there is still a long way to go in terms of interconnectivity and trade in the EAS electricity sector. EAS is also lagging behind Europe where physical crossborder exchanges have increased from 7.6% of electricity consumption in 1998 to 10.3% in 2005 (Meeus & Belmans, 2008) . The development of regional markets such as the GMS market and APG is a necessary interim stage of market integration. In the EAS area, other regional interconnections have also been proposed. These include potential interconnections between Japan and South Korea to deal with emergence (Tanaka 2012) and trade with Russia (von Hippel, et al. 2011) and between India and Myanmar (World Bank, 2007) .
While governments in the EAS countries have moved in the right direction to promote market integration in the electricity sector, much more work is needed.
Especially, government policies should focus on the development of national electricity markets, the promotion of sub-regional connectivity and power market, harmonization of regulations and standards and coordination in power sector investment and planning.
Each of these is discussed next.
National market development
The rate of electrification in several EAS members is still very low. Apart from the very low electrification rates in Myanmar and Cambodia (under 30%), access to electricity in India, Indonesia and Lao PDR is also limited (under 70%). Therefore, the policy priority in these countries is to invest in infrastructure and hence ensure equity in electricity access. For other EAS members with almost universal access, their policy priority is to develop a national grid and hence to achieve nationwide interconnectivity.
The formation of national markets is a prerequisite for sub-regional and regional electricity market integration. With the realization of a national market, many countries have initiatedreforms of their electricity sectors. Though reform progress varies, the purposes of reforms are the same, namely the introduction of competition into the traditionally state-controlled sector, the improvement in the security and sufficiency of electricity supply, and the encouragement of private sector participation in the electricity businesses. Members who have implemented reforms should continue the course and those without reforms should identify the appropriate policy options. The selection of the reform approach and pace is important for a country to truly realize the benefits of changes as there are many examples of failures and successes in the world (Bacon & Besan-Jones 2001 , Zhang, et al. 2008 and Erdogdu, 2012 .
Sub-regional Connectivity and Power Market
Bilateral or sub-regional interconnection becomes possible even if individual members' national markets are not fully developed yet. Member countries can gain and learn from sub-regional cooperation and electricity trading. The experience could be valuable for eventual market integration within the region. For example, it is argued that the long-term goal of buyers and sellers competing across national borders and without constraints (like cross-border commodity trade) has been elusive (Bannister, et al. 2008) . However such a goal may be achievable if only two or a small number of countries are engaged. It has been suggested that bilateral trade could be pilot-tested (Antikainen, et al. 2011) . In the future the gained experience can be adopted by other groups. The current discussion and development of the GMS power market and APG are the right things to do. Other initiatives could include the establishment of smallscaled power exchanges near border areas and cross-border grids with synchronized operation to exploit peak loads in different time (Baardsen, 2012) . A sub-regional approach can also make the best use of different energy resources in a region and contribute to the sustainable management of resources. This is particularly so for hydropower which may use water from the same river system such as the Mekong river.
A sub-regional approach can also accommodate the diversity of member economies in terms of economic, regulatory and power sector development.
Harmonization of regulations and standards
To achieve the goal of an integrated electricity marketin the EAS area, members should work together to harmonize regulations and technical standards. The eventual goal is to identify regional best practice and catch up with the global one. Specifically, an integrated regional electricity market needs harmonized regulations and standards associated with o consumer protection and safety standards o legal and tax issues o standardized contract forms o tariff-setting mechanism o trading systems
Coordination in electricity policies and planning
The strategy of establishing a regional integrated electricity market should be 
Conclusion
Growth in electricity demand in the world will outpace the growth of world energy consumption in the coming decades. The EAS economies currently account for about one third of the world's total electricity consumption. This share is to grow modestly in the future. Thus electricity market integration has become an important part of the overall goal of developing an integrated energy market in the EAS area. Though major initiatives have been made to promote cross-border electricity trade and hence regional market integration, an integrated EAS electricity market is still a long way to go.
Member economies have made various levels of progress towards market development, deregulation and interconnections. Much more work is however needed. Specifically many EAS members should focus on the development of national electricity markets and hence achieve the goal of internal market integration. Relatively more developed members could explore the possibility of sub-regional interconnection and development of cross-border power markets (such as the greater Mekong sub-regional connectivity and ASEAN power grid). In order to prepare for eventual regional integration, members should work together to harmonize regulatory standards and rules. Finally members should coordinate in national policy making and development planningin the electricity sector so as to achieve efficient allocation of resources and investment at the national level as well as within the EAS area.
